To bypass these difficulties,it is best to grow the crystals from the vapor phase. The simple procedure presented here is based on this method and is quite general in its application. Crystals of naphthalene, anthracene, diphenyl, p-terphenyl and p-quaterphenyl from 10 to 100 microns thick and up to 4 cm 2 in area have been prepared which are flat platelets with very smooth sur-faces apparently free from contamination by foreign organic molecules. These crystals were subsequently used in electrical conductivity investigations which are discussed elesewhere 4 .
Growing procedure
To obtain single crystals in the form of platelets from the vapor phase, it is necessary to condense the vapor onto a surface in such a way that crystals will grow out from this surface with a rate of growth susceptible to regulation. This is accomplished by establishing a set of parallel isotherms in front of the condensation surface such that the temperature increases with increasing distance from this surface. Initially, the temperature of the surface is held just above the sublimation temperature, , so that no vapor condenses. The isotherms in front of the surface then all correspond to temperatures greater than Ts and no condensation occurs in the volume of the growing vessel. The temperature is then gradually reduced and when the Ts isotherm lies along the condensation surface, some vapor condenses on it in the form of tiny crystals which act as seeds for the subsequent crystallization. As the temperature is further gradually reduced, the Ts isotherm moves slowly away from the condensation surface and the crystals begin to grow out normal from it. The rate of growth, which determines the form of the crystals, is then controlled by regulating the rate with which the Ts isotherm recedes from the condensation surface.
Two simple experimental arrangements have been found succesful. One procedure is the following. The organic compound to be crystallized (usually in powder form) is put into an enclosed vessel (this can be a 100 or 200 cc covered beaker). The vessel is heated on a hot plate until the powder is melted or at least until it begins to sublime. One side of the vessel is simultaneously heated with a gas flame which serves the two-fold purpose of preventing the vapor from condensing in the volume of the vessel as well as generating a non-uniform temperature distribution around the sides of the vessel. The isotherms in the volume of the vessel are then not plane surfaces but this is unimportant since they are still substantially parallel. Initially, the temperature of the vessel exceeds Ts for the material in question so that no condensation occurs. The gas flame is then slowly withdrawn but the temperature of the hot plate is maintained constant so that vapor is always present in the vessel. As the gas flame is withdrawn, the temperature of the sides of the vessel drops and as various portions take on the temperature Ts, the vapor begins to condense in the manner already described. As the temperature drops still further, the Ts isotherm moves into the volume of the vessel and the crystal platelets grow away from the surface. The geometry of the system is such that crystals begin to grow down from the top of the vessel and away from the side opposite the gas flame. In addition, new crystals form closer to the heated side as the gas flame is withdrawn still further. Care must be taken not to jar the apparatus dur-ing the growing process. Otherwise the crystals might fall into the melt at the bottom of the vessel.
The second method is a variation of the first. Instead of heating the sides of the vessel non-uniformly, a heating coil is wound around the vessel so that the isotherms take on a cylindrical symmetry about the axis of the vessel. The details of the process are the same as before. The powder is melted (or sublimed) and simultaneously, current is sent through the heating coil to raise the temperature of the sides of the vessel above Ts. The current through the heating coil is then slowly reduced and the crystals grow into the vessel normal to its surface. This second method has the advantage that larger crystals are obtained but suffers from the drawback that one cannot watch the crystals grow and must therefore arrive at the proper recession rate of the Ts isotherm by trial and error.
Discussion
All the above mentioned compounds can be made to grow in the form of single crystal platelets if sufficient care is taken in the regulation of the temperature gradient in front of the condensation surface and the recession rate of the Ts isotherm from this surface. If this rate is too fast, the crystals grow in the form of leaves or needles while if the Ts isotherm recedes too slowly, no large single crystals are obtained. Rather, the vapor condenses as an irregular microcrystalline layer. When the Ts isotherm is made to recede at the proper rate, which differs slightly for each of the compounds mentioned but varies at most from 1 to 5 cm per hour, the vapor first condenses as a layer of microcrystals which serve is seeds for the platelets. Each platelets fans out from a seed crystal and has a triangular shape with the edge along the Ts isotherm curved slightly outward. Not all the microcrystals act as seeds. In most cases there are from 3 to 5 good platelets per 5 cm 2 of condensation surface.
It is also important to maintain the recession rate of the Ts isotherm constant. If it should increase during the growing process, the form of the crystals suddenly changes and either leaves or needles commence to grow from the outer edges of the platelets already formed. On the other hand, if the Ts isotherm suddenly recedes too slowly, the outer edges of the platelets become irregular, they cease to grow larger and their surfaces become rough as the vapor condenses on the surface of the platelets in the form of microcrystals.
Condensation of vapor in the volume of the vessel must also be avoided. The appearence of a "snow storm" in the vessel indicates that the sign of the temperature gradient has reversed at some point in front of the condensation surface. Once this has happened, it is unlikely that crystals with smooth surfaces will grow and it is best to stop the run and to begin again.
If the compound being crystallized is unstable at Ts at atmospheric pressure (as is thought to be the case for anthracene 5 ) the crystallization must be conducted at a reduced pressure sufficient to suppress Ts below S R. SIZMANN, private communication.
the point where the molecule is unstable. Platelets of anthracene have been successfully grown at a pressure of 0.1 mm Hg. It has also been found that the absorption of oxygen on the surface of crystals of some of these compounds (in particular, anthracene) can influence their electrical conductivity 6 . Hence, it becomes desirable to grow the crystals under an inert atmosphere. Crystals of all the above mentioned compounds have been successfully prepared in platelet form under nitrogen.
